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(54) MANUFACTURING METHOD FOR ARTICLE HAVING MICRO SURFACE STRUCTURE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To manufacture highly . . ~~~ 

precise and reproducible surface three- dimensional ■ e^Tt^^^^ -vr- v'*^ 



structure at low cost by simplifying the process of the 2a^ ^ „ - 

manufacture. 

SOLUTION: The surface of a metal mold 2a is released, 

ultraviolet ray hardening type resin 6 is coated thereon, 

and a target product material 8 treated by silane 

coupling is slowly pushed thereon. The uniform 6a- 

ultraviolet ray is irradiated from the rear side of the g^'i- , v /T>//>;rA . 

target product material substrate 8 so as to harden the 

ultraviolet ray hardening type resin layer 6. The metal ffiBaPJfci 
mold 2a is exfoliated with the ultraviolet ray hardening 
type resin layer 6 joined with the target product martial 
substrate 8. The transfer shape of the resin layer 6a on 
the target product material substrate 8 is transferred to ^qj 
the target product material substrate 8 by a dry etching 

method - :*v***mm 
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CLAIMS 



[Claim(s)] 

[Claim 1"] The manufacture approach of manufacturing the goods which are equipped with (E) 
from the following processes (A), and have a detailed surface structure. 
(A) Press the purpose product ingredient through the resin which can be hardened on the 
process which performs mold release processing to the front face of the metal mold which has a 
detailed configuration in a front face, and said metal mold front face on which (B) mold release 
processing was performed. The process which imprints the reversal configuration of the shape of 
surface type of said metal mold to said resin, the process which stiffens the (C) aforementioned 
resin, (D) The process which makes the resin exfoliate from said metal mold where said resin is 
joined to said purpose product ingredient, and process which imprints the configuration imprinted 
by the (E) aforementioned resin into said purpose product ingredient by the dry etching method. 
[Claim 2] Said resin is the manufacture approach according to claim 1 which is ultraviolet curing 
mold resin. 

[Claim 3] The detailed configuration on said front face of metal mold is the manufacture 
approach according to claim 1 or 2 formed by (c) from the following processes (a), 
(a) the process which draws a desired configuration into said photosensitive ingredient by the 
process, the (b) electron ray, or laser beam which applies a photosensitive ingredient on the 
charge front face of a metal mold base material which is going to form said detailed 
configuration, subsequently develops negatives, and forms a request configuration in said 
photosensitive ingredient, and (c) — the process which imprints the configuration of said 
photosensitive ingredient in said charge of a metal mold base material by the dry etching method. 

[Claim 4] Said charge of a metal mold base material is the manufacture approach according to 
claim 3 which is the ingredient in which dry etching is possible, and is one sort chosen from the 
group which consists of a metallic material, a glass ingredient, a ceramic ingredient, plastic 
material, and a hard-rubber ingredient. 

[Claim 5] Said metal mold base material is the manufacture approach according to claim 3 or 4 
which is flat-surface substrate . and forms said detailed configuration in the front face on the 
flat surface. 

[Claim 6] The photosensitive ingredient which shall perform drawing in the process (b) of claim 3 
with an electron ray, and is applied on said charge front face of a metal mold base material is the 
manufacture approach according to claim 3, 4, or 5 made into a positive resist. 
[Claim 7] The manufacture approach given in either of claims 3-6 to which a selection ratio is 
changed gradually or continuously in order to imprint a desired configuration at the dry etching 
process in the process (c) of claim 3. 

[Claim 8] It is the manufacture approach given in either of claims 1-7 which are what consists of 
the single metal or composite material chosen from the group which the mold release processing 
on the front face of metal mold in the process (A) of claim 1 is forming a metal thin film on a 
metal mold front face, and the metal thin film becomes from nickel, Cr, Fe, aluminum, Co, Cu, Mo, 
Pt, Au, Nb, and Ti. 

[Claim 9] The manufacture approach according to claim 8 of performing surface treatment by the 
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release processing after forming said metal thin film for the mold release processing on the front 
face of metal mold. 

[Claim 10] The manufacture approach given in either of claims 1-7 which form in a metal mold 
front face the organic compound layer which has a fluorine functional group as a mold release art 
on the front face of metal mold in the process (A) of claim 1 . 

[Claim 1 1] Use ultraviolet curing mold resin as said resin, and at least one side chooses what 
consists of an ultraviolet-rays transparency ingredient among said metal moid and said purpose 
product ingredient. The manufacture approach given in either of claims 2-10 which ultraviolet 
rays are irradiated [ claims ] at ultraviolet curing mold resin through the metal mold of an 
ultraviolet-rays transparency ingredient, the purpose product ingredient, or both, and make 
homogeneity harden the ultraviolet curing mold resin at the hardening process of the resin in the 
process (C) of claim 1 . 

[Claim 1 2] The manufacture approach given in either of claims 3-1 1 which calculate beforehand 
the amount of contraction in the case of hardening of the resin in the process (C) of claim 1 , 
expect the amount part of contraction at the configuration imprint process to the charge of a 
metal mold base material by the dry etching of the photosensitive ingredient in the process (c) of 
claim 3, and process the charge of a metal mold base material deeply. 
[Claim 13] The manufacture approach given in either of claims 1-12 which perform primer 
surface treatment for raising both adhesion between resin and the purpose product ingredient 
front face in case the purpose product ingredient is pressed against the metal mold front face on 
which mold release processing was performed through resin at the process (B) of claim 1. 
[Claim 14] The manufacture approach given in either of claims 1-13 to which the selection ratio 
[ ingredient / in the dry etching / the resin and the purpose product ingredient ] of etching is 
changed gradually or continuously in order to form a desired configuration in the purpose product 
ingredient in case the configuration imprinted by resin at the process (E) of claim 1 is imprinted 
into the purpose product ingredient by the dry etching method. 

[Claim 1 5] Flexibility is given to said metal mold in order to form a detailed configuration in the 
curved-surface-like front face of said purpose product ingredient. The manufacture approach 
given in either of claims 1-14 which imprint the reversal configuration of the shape of surface 
type of the metal mold to the resin where it pressed said purpose product ingredient against said 
metal mold front face through said resin at the process (B) of claim 1 and said metal mold is 
incurvated according to the curved surface of the purpose product ingredient front face. 



[Translation done.] 
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* NOTICES * 




JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the manufacture and processing of a product 
which discover an optical function, a mechanical function, or a physical function by performing 
micro processing to a front face. Such micro processing is used for manufacture of optical 
elements, such as MLA (micro-lens array), a diffracted-light study component, a deviation 
optical element, a dioptric-system component, a birefringence optical element, an optical-fiber 
system optical element, and a beam splitter, and especially outline dimensions are used by 
manufacture of an optical element 10mm or less, moreover, this approach — broad industrial 
fields, such as the surface treatment approach of micro-machining and machine moving parts 
(car motor, air conditioner compressor, etc.), — application - it is available. 
[0002] 

[Description of the Prior Art] A) the approach of producing the component which has phase 
distribution of the shape of a step of N=2M level in the process of a time (M-1) as the 
production approach of a multi-level component using M masks using a lithography technique is 
proposed (38 "opto-electronics contact" Vol. No. 5 (2000) P. 42-51, especially the P.45 
reference). B) The approach which combined the direct writing method and optical lithography 
using an electron beam, a laser beam, an ion boom, etc., and a dry etching technique is also 
proposed ("application physics" volume [ 68th ] No. 6 (1 999) P. 633 - 638 reference). 
[0003] 

[Problem(s) to be Solved by the Invention] As for that many mask number of sheets is need, 
that the count of alignment cannot disregard many this error, that the etching error of the depth 
direction cannot be disregarded, and the minimum Rhine width of face, by the approach of A, it is 
a problem that about 1 micrometer is a limitation etc. the equipment which has a highly precise 
control technique is required of the approach of B, and it is lacking in the repeatability which 
requires time amount for that equipment is expensive and drawing very much (it is about 10-15 
hours at a 500micrometerx500micrometer square), and does not have mass-production nature - 
- there is a problem of ** and there is no example put in practical use. Also in which approach 
of Above A and B, all the configurations of the ingredient for a product are flat-surface 
substrate . ingredients. The manufacture to substrate . of a curved-surface (the spherical 
surface is included) configuration is not proposed. 

[0004] Thjs invention simplifies the process of production and aims at offering the approach for 
repeatability being good and manufacturing the highly precise surface three-dimensional 
structure cheaply. This invention lengthens the life of metal mold, and raises imprint nature 
again, and it is also making to make exfoliation easy into the purpose. 
[0005] 

[Means for Solving the Problem] This invention is the manufacture approach of manufacturing 
the goods which are equipped with (E) from the following processes (A), and have a detailed 
surface structure. 

(A) Press the purpose product ingredient through the resin which can be hardened on the 
process which performs mold release processing to the front face of the metal mold which has a 
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i^B^nt face, and the metal mold front fa<^^^i 



detailed configuration in^^ftnt face, and the metal mold front fa<^^ffi which (B) mold release 
processing was performed, the process which imprints the reversal configuration of the shape of 
surface type of metal mold to the resin, and (C) — the process which stiffens the resin — (D) - 
- the process which makes the resin exfoliate from metal mold where the resin is joined to the 
purpose product ingredient, and (E) — the process which imprints the configuration imprinted by 
the resin into the purpose product ingredient by the dry etching method. In this invention, since 
mold release processing of the metal mold front face is carried out, resin exfoliates from metal 
mold easily. Moreover, thereby, the life of imprint nature [ elongation and ] of metal mold 
improves. 
[0006] 

[Embodiment of the Invention] As resin which imprints the reversal configuration of the shape of 
surface type of metal mold, ultraviolet curing mold resin and heat-curing mold resin can be used. 
In using ultraviolet curing mold resin as the resin, there are the following advantages. 
** Hardening in ordinary temperature is possible. ** It is liquid, and since it can apply, a fluidity 
is good and can prevent generating of a bubble etc. ** Since ultraviolet radiation can be 
irradiated and homogeneity can be made to harden it, homogeneity can be stiffened. ** It can be 
made to harden for a short time. Consequently, the shape of metal mold surface type can be 
correctly imprinted now easily. 

[0007] Even when using heat-curing mold resin as the resin, the shape of metal mold surface 
type can be correctly imprinted like ultraviolet curing mold resin by stiffening homogeneity. As 
heat-curing mold resin, the resin currently used for manufacture of a plastics spectacle lens and 
a contact lens can be used. The molding approach using such heat-curing mold resin is called 
the casting method, slushes liquid-like heat-curing mold resin into metal mold, heats it gradually, 
and is stiffened over about 24-hour time amount. 

[0008] As for the detailed configuration on the front face of metal mold, it is desirable to form by 
(c) from the following processes (a). 

(a) the process which draws a desired configuration into the photosensitive ingredient by the 
process, the (b) electron ray (EB), or laser beam which applies a photosensitive ingredient on the 
charge front face of a metal mold base material which is going to form said detailed 
configuration, subsequently develops negatives, and forms a request configuration in the 
photosensitive ingredient, and (c) — the process which imprints the configuration of the 
photosensitive ingredient in the charge of a metal-mold base material by the dry etching method. 
By drawing a desired configuration by the electron ray or the laser beam, a desired configuration 
is producible with high degree of accuracy with the process of 1 time. 

[0009] Moreover, if the configuration of a photosensitive ingredient is imprinted in the charge of 
a metal mold base material by the dry etching method, the resist configuration which is an 
elasticity ingredient can be imprinted into a hard metal mold ingredient. In this case, the charge 
of a metal mold base material needs to be the ingredient in which dry etching is possible, and 
can use one sort chosen from the group which consists of a metallic material, a glass ingredient, 
a ceramic ingredient, plastic material, and a hard-rubber ingredient as such an ingredient. 
[0010] Generally, a metal mold base material is flat-surface substrate ., and forms a detailed 
configuration in the front face on the flat surface. In case metal mold is made, in order to form a 
photosensitive ingredient pattern in the charge front face of a metal mold base material, when 
using the photosensitive ingredient for electron beam lithography, as for the photosensitive 
ingredient for electron beam lithography, it is desirable that it is a positive resist. Thus, there is 
an advantage of the repeatability of drawing being good, and control of an electron of leakage 
etc. being easy, and being easy to control, by applying POJIREJISUTO and drawing by the 
electron-beam-lithography approach as the fine structure manufacture approach. When drawing 
by the laser beam, the photosensitive ingredient which has sensibility in the wavelength of the 
laser light to be used is used. 

[001 1] In case metal mold is manufactured, in order to imprint a desired configuration at the dry 
etching process in the process which imprints the configuration of a photosensitive ingredient in 
the charge of a metal mold base material by the dry etching method, it is desirable to change a 
selection ratio gradually or continuously. Thus, a desired configuration can be acquired now by 
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changing a selection rati^Jldually or continuously at the time o^^^mprint. 

[001 2] An example of the mold release processing on the front face of metal mold shall be 
forming a metal thin film on a metal mold front face, and the metal thin film shall consist of the 
single metal or composite material chosen from the group which consists of nickel, Cr, Fe, 
aluminum, Co, Cu, Mo, Pt, Au, Nb, and Ti. While the configuration imprint nature of metal mold 
increases by leaps and bounds and an exact imprint can be performed by this mold release 
processing, detachability becomes easy and the life of metal mold improves by leaps and bounds. 



[001 3] It is desirable to perform surface treatment as mold release processing by the layer 
containing the fluororesin of the still more detailed structure on the metal thin film. This surface 
treatment can be performed by forming the layer containing a fluororesin by the plating approach 
or the vacuum evaporationo approach. The approach of forming in a metal mold front face the 
organic compound layer which has a fluorine functional group as other mold release arts on the 
front face of metal mold is also desirable. 

[0014] When using ultraviolet curing mold resin as resin which imprints the reversal configuration 
of the shape of surface type of metal mold, as an approach of stiffening ultraviolet curing mold 
resin At least one side chooses what consists of an ultraviolet-rays transparency ingredient 
among metal mold and the purpose product ingredient At the hardening process of ultraviolet 
curing mold resin It is desirable to irradiate ultraviolet rays at ultraviolet curing mold resin 
through the metal mold of an ultraviolet-rays transparency ingredient, the purpose product 
ingredient, or both, and to make it make homogeneity harden the ultraviolet curing mold resin. By 
making homogeneity harden ultraviolet curing mold resin, the configuration imprint nature of 
metal mold increases by leaps and bounds, and an exact imprint can be performed. When using 
heat-curing mold resin as resin which imprints the reversal configuration of the shape of surface 
type of metal mold, as an approach of stiffening heat-curing mold resin, it fixes, where metal 
mold and the purpose product ingredient are positioned, and a resin inlet is prepared separately. 
It is desirable to make it carry out heat hardening to the whole metal mold, as heat spreads 
round homogeneity, heating gradually at the hardening process of heat-curing mold resin. 
[0015] Generally, resin is contracted in the case of hardening. Then, it is desirable to amend and 
process it so that the amount of contraction may be calculated beforehand, the amount part of 
contraction may be expected at the configuration imprint process to the charge of a metal mold 
base material by the dry etching of a photosensitive ingredient and the configuration of the 
charge of a metal mold base material may become deep. Thereby, amendment of the amount of 
hardening contraction is attained. 

[0016] In case the purpose product ingredient is pressed against the metal mold front face on 
which mold release processing was performed through resin, it is desirable to perform primer 
surface treatment for raising both adhesion between resin and the purpose product ingredient 
front face. Exfoliation is alternatively performed from a metal mold side at an exfoliation process 
by this, and KUWARE (in case you are exfoliation, some resin should remain in metal mold) of 
resin decreases rapidly. Consequently, the configuration imprint nature in degree process 
improves. 

[0017] In case the configuration imprinted by resin is imprinted into the purpose product 
ingredient by the dry etching method, in order to form a desired configuration in the purpose 
product ingredient, it is desirable to change gradually or continuously the selection ratio 
[ ingredient / in the dry etching / the resin and the purpose product ingredient ] of etching. 
Amendment of a configuration is attained by adjustment of this selection ratio, and it can imprint 
now in a desired configuration. 

[0018] By forming metal mold with plastic material, or forming it on a metal thin film, in order to 
form a detailed configuration in the curved-surface-like front face of the purpose product 
ingredient It is desirable to imprint the reversal configuration of the shape of surface type of the 
metal mold to the resin, where it gave flexibility to metal mold, it pressed the purpose product 
ingredient against the metal mold front face through resin and metal mold is incurvated 
according to the curved surface of the purpose product ingredient front face. The following 
advantages can be demonstrated by giving flexibility to metal mold. 
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nr^^^an be made into a cylinder configurable i 



** For example, metal nrl^^^an be made into a cylinder configuraSBw if metal mold is made to 
transform into X shaft orientations as shown in drawing 1 (A). 

** Metal mold can be made into a spherical-surface configuration, if a uniform pressure is 
applied to Z shaft orientations and metal mold is made to transform into them again as shown in 
drawing 1 (B). By using these configurations, the configuration of the field to manufacture cannot 
be restricted to a flat surface, and can manufacture a detailed configuration to a spherical- 
surface configuration, the aspheric surface, a cylinder side, etc. Thus, the fine structure 
manufacture on a curved-surface substrate is attained. 
[0019] 

[Example] (Example 1) The diffracted- light study component shown in drawing 2 was 
manufactured. The diameter formed in synthetic quartz material is about 10mm, and this 
diffracted-light study component arranges a serration configuration in the shape of a concentric 
circle. The number of zona orbicularis is [ about 1 50 micrometers - 3 micrometers and the 
height of about 900 pitch ] about 0.6 micrometers. 

[0020] Below, with reference to drawing 3 and 4, the fabrication sequence of this diffracted-light 
study component is shown. 

(A) The synthetic quartz substrate whose diameter is 4 inches and whose thickness is 2.0mm 
was prepared as a charge 2 of a metal mold base material. With the spinner, the photosensitive 
ingredient 4 for electron beam lithography (resist) (shrine make: Tokyo adaptation OEBR- 1000) 
was applied for 30 seconds at 4000rpm following the front-face top of this charge 2 of a metal 
mold base material for 5 seconds by 500rpm. Then, sudden cooling was carried out after 
performing prebaking for 20 minutes at 1 70 degrees C. The resist thickness at this time was 0.5 
micrometers. 

[0021] Next, in order to acquire the configuration shown in Fig. 2, the field division which EB 
exposure beam traces separately using CAD software, a path and a beam diameter, a dose, 
drawing time amount, etc. are inputted. In the case of this example, the shape of a round shape 
was approximated with 1080 square shapes, all drawing fields were divided into the field of a 
500micrometerx500micrometer square, and the paint program was created. In addition, in this 
case, a final product configuration and a drawing configuration are the reversed relation. 
Beforehand, naturally a program is manufactured in a reversal configuration. 
[0022] (B) Set in electron-beam-lithography equipment the charge 2 of a metal mold base 
material which applied the resist 4, and exhaust to a predetermined degree of vacuum. 
Subsequently, CAD data are transmitted to the control unit of drawing equipment, and drawing is 
started. It drew moving an X-Y stage in the case of this case, and drawing took 1 35 hours. 
Negatives were developed for 3 minutes at 25 degrees C after drawing using the developer 
(OEBR-1000 developer). The rinse was not performed but was immediately dried by the nitrogen 
blower and spinner rotation. Moreover, postbake was not performed, either. 

[0023] (C) Next, pattern 4a of the resist 4 after drawing was imprinted in the charge 2 of a metal 
mold base material by the dry etching method. The dry etching at this time performed etching for 
3 minutes by substrate . bias voltage:500W, up electrode power1250W, and degree of vacuum 
1.5x10-3Toor (namely, 1.5mTooKs)), introducing the gas of CHF3:1 5.0sccm and CF4:2sccm using 
a TCP (inductive-coupling mold plasma) etching system. The etch rate at this time was a part 
for 0.26-micrometer/. It was made to end by over etching slightly (about 0.1 micrometers). The 
configuration height of metal mold 2a after etching of the selection ratio (etch rate of the etch 
rate / resist 4 of the charge 2 of a metal mold base material) of etching was 0.75 micrometers in 
1.5. Surface roughness was good less than [ Ra=0.001 micrometer ]. Contraction of the resin in 
degree process was expected to be 10%, and this configuration height set it up. 
[0024] The configuration of metal mold 2a at this time is pitch regularity as compared with 
configuration 4a at the time of drawing, and only height had increased 1.5 times. In order to carry 
out mold release processing of the front face of this metal mold 2a, 500A of metal nickel thin 
films was formed with the degree of vacuum of 9x10 to 1 Pa by the sputtering method on the 
metal mold front face. Since membranes were comparatively formed with high pressure, the 
surroundings lump was fully performed and was formed by homogeneity on the metal mold front 
face. 
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[0025] Next, surface tre! 




nt of the nickel front face was carried 




it with the triazine thiol 



organic compound which has a fluorine functional group. This was performed by the approach 
called organic electroplating. Electrolytic polymerization processing (organic plating) was 
specifically carried out in the solution which melted fluorination SFTT (super fine triazine thiol) 
to the solvent, and the organic thin film of a fluorine system was formed in the metal mold front 
face. Fluorination SFTT fluorinates the side chain of the triazine thiol which is one of the 
organosulfur compounds. Most, since water-repellent effectiveness (** type effectiveness) was 
high, n= 7 formed several 1000A n of a fluorine molecule on this condition. However, if the 
triazine thiol which has a silanol group is used even if it does not carry out nickel sputtering, the 
same water-repellent effectiveness will be acquired. 

[0026] (D) Next, metal mold 2a which carried out mold release processing was set downward, and 
three cc (Dainippon Ink make: GRANDIC RC-8720) of acrylic resin was applied as ultraviolet 
curing mold resin 6 on this. 

[0027] (E) Set to the splicing machine of dedication of this metal mold 2a, and press slowly the 
flat-surface substrate 8 (the Shin-etsu quartz company make: synthetic quartz SUPURASHIRU 
P-20) of the purpose product ingredient which performed silane coupling processing 
(improvement processing in adhesion) at another process beforehand. It joined with the 
automatic splicing machine which controlled fall velocity so that a bubble was not generated in 
ultraviolet curing mold resin 6 at this time. 

[0028] Next, it pushed up to the purpose product ingredient substrate .8 side slowly from the 
metal mold 2a side, and the ultraviolet curing mold resin 6 which becomes excessive at the time 
of a configuration imprint was removed. Furthermore, the 3000m J exposure of the uniform 
ultraviolet-rays light was carried out from the rear-face side of purpose product ingredient 
substrate .8, and the ultraviolet curing mold resin layer 6 was stiffened. The thickness (top of the 
three-dimensional structure of the ultraviolet curing mold resin layer 6 and distance between the 
SUPURASHIRU purpose product ingredient substrates 8) of the ultraviolet curing mold resin 
layer 6 at this time was 0.1 micrometers or less. Naturally, the maximum thickness of the 
ultraviolet curing mold resin layer 6 is "pattern depth:0.75"+"0.1 " =0.85micrometer. 
[0029] (F) Next, it was made to exfoliate using a fixture, since it exfoliates from a metal mold 
front face, joining ultraviolet curing mold resin layer 6a to purpose product ingredient 
substrate .8, making the purpose product ingredient substrate 8 of the thinner one deform into a 
convex configuration a little. Next, when the imprint configuration of resin layer 6a on the front 
face of the purpose product ingredient substrate 8 was measured, the height of the optical 
element section was small to 0.67 micrometers. This was because resin layer 6a carried out 
hardening contraction, and the hardening contraction was about 1 1% on the average. Therefore, 
since the amount of contraction was larger than the early amount of hopes, it became a slightly 
low value. Since a pars basilaris ossis occipitalis differs in contraction of resin layer 6a from the 
upper part (point of an optical element), a point depends this on height having become low and 
having had the shape of a globular form slightly. 

[0030] (G) Next, the imprint configuration of resin layer 6a on the purpose product ingredient 
substrate 8 was imprinted like the above. Dry etching conditions performed etching for 3.5 
minutes using the TCP etching system by base bias voltage:500W, up electrode power1250W, 
and degree of vacuum 1.5x10-3Toor (namely, 1 .SmTooKs)), introducing the gas of 
CHF3:1 2.0sccm and CF4:4sccm. The etch rate at this time was a part for 0.25-micrometer/. 
[0031] Since contraction of resin layer 6a differed slightly by the pars basilaris ossis occipitalis 
and the up point and height was low as spread previously, the increment in 2.0sccm of the CHF3 
capacity was carried out in the second half of etching, and the selection ratio was enlarged a 
little and etched. By changing a selection ratio gradually, the desired configuration was able to be 
acquired at the time of an imprint. The selection ratio (etch rate of the etch rate / resin layer 8 
of the purpose product ingredient substrate 8) of etching was 1 .03 on the average, and the 
height of configuration 8a after etching was 0.69 micrometers. Surface roughness was good less 
than [ Ra=0.001 micrometer ]. In addition, the optical surface had the straight-line configuration. 
[0032] (Example 2) In the manufacture approach of the fine structure, the example which forms 
metal mold in the plastic material which has flexibility, applies a resin layer to this, imprints a 
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configuration, and the rel^rayer which carried out the configurat^^ffm print is incun/ated, and is 
imprinted on the purpose ingredient front face is explained with reference to drawing 5 and 6. 
[0033] (A) The acrylic sheet with a diameter [ of 4 inches ] and a thickness of 1 .0mm was 
prepared as a charge 1 2 of a metal mold base material. In order to keep flat the charge 1 2 of a 
metal mold base material until it forms metal mold, this was stuck in parallel with the wax on the 
synthetic quartz substrate 1 3 for backing with a thickness of 2.0mm. 

[0034] (B) The same configuration as an example 1 was drawn by the same approach by having 
made this into the substrate, and the resist 4 for electron beam lithography was pattemized. 4a 
has the shape of the surface type. 

[0035] (C) The pattern of a resist 4 was imprinted in the charge 12 of a metal mold base material 
by the dry etching method like the example 1, and metal mold 12a was formed. Surface 
preparation was carried out by fluorine system triazine with a silanol group or a thiol group, and 
mold release processing was performed without having differed on the front face of the metal 
mold 12a in the example 1 and performing nickel surface preparation to it. Then, the wax was 
heated and metal mold 1 2a of an acrylic sheet was exfoliated from the synthetic quartz 
substrate for backing. 

[0036] (D) Subsequently, join to the die 14 for a metal configuration imprint which has the curve 
side currently prepared separately with a wax. Since metal mold 1 2a of an acrylic sheet has 
flexibility, it imitates metal production form type 14, and forms a curve side. This is used as a 
molding die. 

[0037] (E) Next, carry out the same actuation as an example 1 . First, it installs by turning this 
metal mold 12a down at a splicing machine. Ten cc of ultraviolet curing mold resin 6 is applied on 
this metal mold 12a. The glass lens 16 which has the cylinder curved surface currently prepared 
separately is pressed from above, and the configuration of metal mold 1 2a is imprinted to 
ultraviolet curing mold resin 6. What penetrates ultraviolet-rays light as a glass lens 1 6 is used. 
Then, ultraviolet rays 17 are irradiated from a glass lens 16 side, and ultraviolet curing mold resin 
layer 6a which carried out the configuration imprint is stiffened. 

[0038] (F) Exfoliate ultraviolet curing mold resin layer 6a to metal mold 1 2a after hardening of 
ultraviolet curing mold resin layer 6a. 

[0039] (G) Install the glass lens 16 which joined ultraviolet curing mold resin layer 6a in a dry 
etching system, and imprint the configuration of ultraviolet curing mold resin layer 6a to a glass 
lens 16 like an example 1. 16a is a glass lens after a configuration imprint. By this approach, 
manufacture of the fine structure is attained on a curved-surface substrate. 

[0040] (Example 3) The revolving shaft for polygon motors which has lubricity was manufactured. 
A fabrication sequence is explained with reference to drawing 7 and 8. 

(A) The silicon sheet with a diameter [ of 4 inches ] and a thickness of 1.0mm was prepared as a 
charge 22 of a metal mold base material. In order to keep flat the charge 22 of a metal mold base 
material until it forms metal mold, this was stuck in parallel with the wax on the synthetic quartz 
substrate 23 for backing with a thickness of 2.0mm. 

[0041] With the spinner, the resist 4 for electron beam lithography (shrine make: Tokyo 
adaptation OEBR- 1000) was applied for 30 seconds at 4000rpm following the front-face top of 
this charge 22 of a metal mold base material for 5 seconds by 500rpm. Then, sudden cooling was 
carried out after performing prebaking for 20 minutes at 1 70 degrees C. The resist thickness at 
this time was 0.5 micrometers. 

[0042] Next, in order to acquire the detailed configuration shown in (F), the field division which 
EB exposure beam traces separately using CAD software, a path and a beam diameter, a dose, 
drawing time amount, etc. are inputted. All drawing fields were divided into the field of a 
500micrometerx500micrometer square, and the paint program was created. A final product 
configuration and a drawing configuration are the reversed relation. It drew like the example 1. It 
drew moving an X-Y stage also in this example, and drawing took 1 hour. 

[0043] (B) After drawing, negatives were developed like the example 1 and resist pattern 4a was 
obtained. 

[0044] (C) Next, resist pattern 4a after drawing was imprinted in the charge 22 of a metal mold 
base material by the dry etching method, and metal mold 22a was formed. Dry etching performed 
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rate . bias voltage:500W, up electrodi^ov 



etching for 1 minute by ^^trate . bias voltage:500W, up electrodi^6wer:1 250W, and degree of 
vacuum 1 .5x1 0-3Toor, introducing the gas of CHF3:1 0.Osccm and CF4:0.5sccm using , a TCP 
etching system. The etch rate at this time was a part for 0.50-micrometer/. The selection ratio 
of etching was 1 .0 and the configuration height after etching was 0.5 micrometers. Next, the 
synthetic quartz substrate 23 was heated and metal mold 22a was exfoliated from the synthetic 
quartz substrate 23. 

[0045] (D) In order to carry out mold release processing of the front face of this metal mold 22a, 
500A of metal Cr thin films was formed by 9x10 to 1 Pa by the sputtering method on the metal 
mold front face. Since membranes were comparatively formed with high pressure, the " 
surroundings lump was fully performed, and membranes were formed by homogeneity on the 
front face of metal mold 22a. Next, the metal mojd 22a which carried out mold release 
processing was set downward, and ten cc (Dainippon Ink make: GRANDIC RC-8720) of acrylic 
resin 6 was applied as ultraviolet curing mold resin on it. This was rotated with the spinner and 
excessive resin was removed. 

[0046] This metal mold 22a. is set to an exclusive base, and the plane metal mold 22a. top was 
rotated slowly, rotating the purpose product ingredient (metal shaft for polygon motors) 26 which 
performed silane coupling processing (improvement processing in adhesion) at another process 
beforehand with a cylindrical configuration. It will be in the condition that the ultraviolet curing 
mold resin layer 6 is printed on the front face of the purpose product ingredient 26 by this 
actuation, and metal mold 22a was printed on the front face of the purpose product ingredient 
26. 

[0047] (E) Next, the 3000mJ exposure of the uniform ultraviolet-rays light was carried out from 
the front-face side of the purpose product ingredient 26. The thickness (distance between the 
top of the three-dimensional structure of metal mold 22a and the front face of the purpose 
product ingredient 26) of the ultraviolet curing mold resin layer 6 at this time was 0.1 
micrometers or less. Next, when metal mold 22a was exfoliated and resin imprint configuration 6a 
on the front face of the purpose product ingredient 26 was measured, the height of the above- 
mentioned concave heights was small to 0.44 micrometers. 

[0048] (F) Next, resin imprint configuration 6a was imprinted into the purpose product ingredient 
26 by the dry etching method like the example 1, rotating the purpose product ingredient 26. The 
dry etching conditions at this time performed etching for 20 minutes by up electrode 
powenlOOOW and degree of vacuum 1 .5x1 0-3Toor, introducing the gas of CHF3:1 2.0sccm and 
CF4:4sccm using a RIE (reactive ion etching) etching system. The etch rate at this time was a 
part for 0.02-micrometer/. The selection ratio (etch rate of the etch rate / ultraviolet curing 
mold resin layer 6 of the purpose product ingredient 26) of etching was 0.5 on the average, and 
the configuration height after etching was 0.22 micrometers. Surface roughness was good less 
than [ Ra=0.001 micrometer ]. A concave convex (the shape of a cylinderHike quirk) is a straight- 
line configuration. 
[0049] 

[Effect of the Invention] In this invention, perform mold release processing to the front face of 
the metal mold which has a detailed configuration in a front face, and the purpose product 
ingredient is pressed through the resin which can be hardened on the metal mold front face. 
Imprint the reversal configuration of the shape of surface type of metal mold to the resin, and 
the resin is stiffened. Since the goods which have a detailed surface structure by imprinting the 
configuration imprinted by the resin into the purpose product ingredient by the dry etching 
method were manufactured and manufactured after exfoliating metal mold, where the resin is 
joined to the purpose product ingredient It was highly precise in the fine structure (highly precise 
surface three-dimensional structure), and became producible in large quantities about the mass- 
production product. The process of production was simplified, it considered as the easy 
reproducible and production process, and low cost-ization has been realized. Moreover, since 
mold release processing was performed to the metal mold front face, the life of metal mold was 
lengthened, and imprint nature was raised, and it became possible to make exfoliation easy. If the 
ingredient which has flexibility as metal mold is used, by the conventional method of 
construction, the hyperfine-structure manufacture on a curved-surface substrate which was not 
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[Translation done.] 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 
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[Drawin g 3] 
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[Drawing 6] 
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[Drawing 7] 

(A) 22^ X ~ 




[Drawing 8] 



http://www4.ipdl.ncipi.gojp/cgi-bin/tran_web_cgi_ejje 



2005/03/08 



4/4 ^— v 




iyf>W (83) 



[Translation done.] 



http://www4.ipdl.ncipi.gojp/cgi-bin/tran - web^cgi_eije 



2005/03/08 



